ABSTRACT: Thermophilic Campylobacter are among the most common cause of bacterial enteritis in humans. Food animals are considered one of the most important sources of Campylobacter causing infections in man. Campylobacter infection is clinically mild and resolves spontaneously. In severe or long-lasting cases, treatment with antibiotics is necessary. Resistance of Campylobacter spp. to drugs used in treatment of infection is a matter of concern.
INTRODUCTION
The genus Campylobacter consists of 18 species, but humans are most often affected by thermophilic Campylobacter: Campylobacter jejuni, Campylobacter coli, Campylobacter lari and Campylobacter upsaliensis. Thermophilic Campylobacter are extremely hard for cultivation since they require special media supplemented with antibiotics that suppress the growth of other enteric bacteria, microaerophilic atmosphere (5% O 2 , 10% CO 2 and 85% N 2 ) and temperature of 42°C.
Animals are rarely infected, and if infected the disease is followed by mild symptoms (L o p e z et al., 2002) . Campylobacter colonize animals in different percentage. Poultry, aged two to three weeks, is colonized by thermophilic Campylobacter spp. 50-90% (N e w e l, 2002). Pigs are colonized in a smaller percentage than poultry.
Campylobacter jejuni and Campylobacter coli are the most common causes of enteric infection in humans worldwide. There are up to 400 000 000 cases per annum. An important factor for the occurrence of this disease is low infective doses of only 500 microorganisms (W a l k e r et al., 1986) .
Drugs of choice for treating campylobacteriosis are erythromycin, quinolone, tetracycline, ampicillin, chloramphenicol and gentamicin.
Nowadays there is a compelling evidence that there is an increases of resistance of bacteria genus Campylobacter to antibiotics administered in human treatment (A a r e s t r u p and E n g e b e r g Campylobacter resistant strains have mainly emerged as a consequence of the use of antimicrobial agents in food animal production (A a r e s t r u p and E n g e r e r g, 2001; S a v a ¤ a n et al., 2004) .
The objective of this paper was to use different sensitivity methods and determine sensitivity of Campylobacter spp. (originating from humans, broilers and pigs) to erythromycin (E), tetracycline (TET), ampicillin (AM), chloramphenicol (CHl) and ciprofloxacin (CIP) and to determine percentage of multi drug resistance of Campylobacter jejuni and Campylobacter coli.
MATERIAL AND METHODS
The material for examination was obtained from broiler's cecum and pig colon, as well as human feces. For isolation of thermophilic Campylobacter standard methods were applied (T a m b u r, 2007). The following classical and commercial biochemical tests for identification of Campylobacter were used: catalase, oxidize, hydrolyze hippurate, hydrolyze indoxyl acetate, fast H 2 S test, nalidixic acid resistance, and cephalothin resistance.
The final identification of Campylobacter spp. was done by automatic identification system API Campy (Bio Merieux, France). The obtained isolates were kept in brain and heart infusion broth (HIB) with 30% glycerol at the temperature of -70°C for further examination (T a m b u r, 2007).
For testing the sensitivity of Campylobacter jejuni/coli disc diffusion method according to Kirby-Bauer, agar dilution method and E-test were used.
In sensitivity testing of Campylobacter spp. disk diffusion method according to Kirby-Bauer Mueller Hinton agar was used, enriched with 5% sheep blood. Desired Campylobacter density was achieved by comparison to 0.5 MacFarland standard that is approximately close to the standard of 1x10 8 bacteria/ml. After incubation radius of inhibition growth for the examined antibiotics was measured and the strains were divided in S, I and R categories. These data were used for Haemophilus spp. and Streptococcus pneumoniae, based on the recommendation of Clinical Laboratory Standards Institute, SAD (CLSI) from 2006.
Minimal values of inhibitory concentration (MIC) for antibiotics were measured applying dilution method. According to standard (CLSI) for MH agar approximately 10 4 bacteria/ml were streaked, and this was achieved by applying 2ml of prepared inoculum of 10 7 bacteria/ml density. Besides the examined strains, the referent strains were also streaked on agar plate (Campylobacter jejuni ATCC -33560 and Campylobacter coli ATTCC -33559).
MIC was the lowest concentration of the examined antibiotics with no visible bacteria growth. Since there is no standard for limiting values in examining MIC for Campylobacter, minimal values for erythromycin were used that refer to Streptococcus pneumoniae, but for other antibiotics standards for Enterobacteriaceae were used
E-test is a diffusion test for determining minimal inhibitory concentration (MIC) of antibiotic for particular bacteria. Single colonies of bacteria were suspended in 4 ml Mueller Hinton broth to obtain density suspension that is in accordance to McFarland scale equal to 0.5. The suspension of examined bacteria strains was streaked on Mueller Hinton agar with 5% of defibrinated sheep blood using sterile swab. E-test strips (AB Biodisk, Solna, Sweden), that consist of MIC reading scale in mg/ml and a two-letter code on the handle to designate the identity of the antibiotic, were applied on dried plates, for two minutes. The plates were incubated for 48 hours at 37°C microaerophilic, and the values of MIC were read. Minimal inhibitory concentration were read where the ellipse edge intersects the strip. The expected values were given by the producer.
For check of the aforementioned methods and quality of media referent strains of Campylobacter jejuni ATCC-33560 and Campylobacter coli -ATCC-33559 were used.
In the 
RESULTS
In Table 2 and 3 are displayed the results on presence of multi drug resistant strains of Campylobacter jejuni and Campylobacter coli. All the strains were resistant on 3 or more antibiotics, and were therefore found multi drug resistant. However, having in mind the importance of Campylobacter in human and veterinary medicine, and knowing that for treatment of this disease only 6 antibiotics may be used (5 were used in this testing) the tables also show the results that refer to the strains resistant only to 2 antibiotics (T a mb u r, 2007). Three methods were used for sensitivity testing of thermophilic Campylobacter strains isolated from animals and man. For Campylobacter jejuni multi drug resistance to these antibiotics was detected. In most strains, there was a multidrug resistance to two antibiotics. The percent of this resistance was quite unified in the strains originating from humans, broilers and pigs. Only applying disc diffusion method with strains originating from humans and broilers, Campylobacter jejuni was multi drug resistant to four examined antibiotics. Campylobacter coli was resistant when three methods were applied. Approximately the same resistance was found in two, but also three examined antibiotics. Different from the Campylobacter jejuni multi drug resistance in Campylobacter strains, originating from pigs and broilers was the same, but was considerably lower in the same strains originating from humans. Thermophilic Campylobacter were not multi drug resistant to four or five examined antibiotics.
DISCUSSION
Campylobacter is a zoonotic diseases. Although animals are colonized by Campylobacter in a great percent, they rarely become ill, yet present a reservoir of infection for humans. Man may become infected through consuming insufficiently thermically processed meat (N e w e l, 2002), consuming unpasteurized milk and contaminated water (A v r a i n et al., 2003) and in a contact with pets (A q u i n o et al., 2002).
Thermophilic Campylobacter most often cause enteric infection but may also cause extraenteric diseases. According to B u t z l e r (2004), most frequent extraenteric forms of the disease are meningitis, endocarditis, septic arthritis, osteomyelitis and neonatal sepsis. There are several reports on myocarditis and complicated cases caused by Campylobacter jejuni.
In developed countries, the symptoms of intestinal Campylobacter are bloody stool, fever, abdominal colics. There are more frequent than in infection caused by Salmonella and Shigella spp. Campylobacteriosis is a diseases of mild course and usually resolves spontaneously. In a patient with a heavy clinical course and prolonged course, treatment with antibiotics is suggested (A a r e s t r u p and E n g e b e r g, 2001). One of the drugs of choice is tetracycline.
Since the 80's of the last century, there has been a selection and resistant strains of thermophilic Campylobacter have spread in humans. This is due to uncontrolled use of antibiotics in veterinary medicine, especially quinolone and tetracycline (A a r e s t r u p and E n g e b e r g, 2001; B y w a t e r et al. Sensitivity testing by disc diffusion method detected that 35.3% of thermophilic Campylobacter originating from humans were resistant to two examined antibiotics, 17.6% to three and 5.9% to four antibiotics. Multiresistance in Campylobacter is not a rare case.
When examining sensitivity by E-test for thermophilic Campylobacter spp. originating from humans, it was detected that 41.2% was simultaneously resistant to two antibiotics, and in 11.8% to three antibiotics.
In testing sensitivity of thermophilic Campylobacter spp. originating from humans, using agar dilution method, it was detected that 47.1% were at the same time resistant to two examined antibiotics, 11.8% were resistant to three antibiotics. Multidrug resistance of Campylobacter jejuni (22%) was detected by H a k e n e n et al. (2003) . In India thermophilic Campylobacter spp. were resistant in 30.6%, most often to ciprofloxacin, tetracycline and ciprofloxacin ( J a i n et al., 2005).
Sensitivity testing by disc diffusion method showed that in 42.9% Campylobacter coli, originating from humans, was simultaneously resistant to two examined antibiotics. The obtained results of three methods coincide almost in all details. The same results were obtained in this research regarding the Campylobacter originating from broilers and pigs. C a r d i n a l e et al. (2002) gave reports that in Senegal in 9.8% of thermophilic Campylobacter, originating from broilers, were multi drug resistant most often to nalidixic acid and ciprofloxacin. Multi drug resistance is frequent in Campylobacter coli strains. Multi drug resistance was noticed also in thermophilic Campylobacter originating from poultry in SAD. Campylobacter coli, 3.7% of the examined strains, were resistant to five tested antibiotics ( G e B e i l e i et al., 2002).
CONCLUSION
Multi drug resistance on antibiotics was discovered in testing sensitivity of Campylobacter jejuni and Campylobacter coli originating from humans, broilers and pigs.
Percentage of multi drug resistant strains of Campylobacter jejuni were very similar in the strains originating from humans, broilers and pigs. Campylobacter jejuni, in the strains originating from humans and broilers, was detected in four tested antibiotics using disc diffusion test.
Multi drug resistance of Campylobacter coli originating from pigs and broilers were equal, but considerably lower in the strains originating from humans. No multi drug resistance of thermophilic Campylobacter was discovered on four or five tested antibiotics.
High percentage of resistant strains and multi drug resistant strains of Campylobacter to most frequently used antibiotics is explained by uncontrolled use of antibiotics in poultry and swine husbandry as a preventive measure and subdosage for growth promoter. Termofilne kampilobakterije su jedan od najåešãih uzroånika bakterijskih gastroenteritisa qudi. Ÿivotiwe su rezervoar uzroånika i sa wih se Campylobacter vrste prenose na qude. Kampilobakterioza qudi je bolest blagog toka koja spontano prolazi. Kod teÿih oblika oboqewa i prolongirane bolesti neophodan je tretman antibioticima. U posledwe vreme zabriwava pojava rezistencije kampilobakterija na antibiotike koji se najåešãe koriste u kliniåkoj praksi.
Ciq rada je da se ustanovi prisustvo multirezistentnih sojeva Campylobacter jejuni i Campylobacter coli izolovanih iz ÿivotiwa i qudi.
Za ispitivawe je korišãen materijal dobijen strugawem površine cekuma brojlera, cekuma i kolona sviwa, kao i fecesa qudi. Za izolaciju sojeva Campylobacter jejuni i Campylobacter coli bilo je neophodno obezbediti mikroaerofilnu atmosferu, temperaturu od 42°S i dodati antibiotski suplement radi spreåavawa rasta ostalih crevnih bakterija. U okviru ovog istraÿivawa izolovanim sojevima Campylobacter jejuni i Campylobacter coli ispitivana je osetqivost na antibiotike primenom tri metode: disk difuzione, E-testa i dilucione metode u agaru Ukupno je izolovano 55 sojeva Campylobacter jejuni i Campylobacter coli, 24 soja su bila poreklom od qudi, 16 poreklom od brojlera i 15 sojeva poreklom iz sviwa. Multirezistentnim smo smatrali sojeve koji su bili rezistentni na dva i više antibiotika. Primenom E-testa ustanovqen je kod Campylobacter jejuni najveãi broj multirezistentnih sojeva: na dva antibiotika 41,2%, i na tri antibitika 11,8%. Kod Campylobacter jejuni izolovanih kod qudi disk difuzionim metodom ustanovqeno je 5,9% sojeva rezistentnih na åetiri ispitivana antibiotika. Istim metodom ustanovqeno je da je 50% sojeva Campylobacter coli poreklom iz sviwa bilo rezistentno na tri ispitivana antibiotika. Primenom sve tri metode ustanovqeno je da je najveãi broj izolovanih sojeva Campylobacter coli multirezistentan na dva, odnosno tri antibitika.
